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Abstract 
This paper presents a novel solution for the inline control of solar reflector panels based on the autocollimation principle. The 
proposed technique outperforms previous approaches in several aspects. On the one hand, the inspection cell is only slightly 
larger than the reflector panel under test, as a result, the inspection cell is compact and improves the use of the layout of the plant. 
On the other hand, the measurements are carried out with considerably smaller uncertainties than other approaches. The compact 
arrangement of reflectors and autocollimators provides a solution that is very stable from the mechanical point of view. The 
measurement principle also contributes to low measurement uncertainties as it has been demonstrated in multitude of 
commercially available autocollimators. Finally, the measuring time is really short because the measurement consists on taking a 
simultaneous measurement with the set of autocollimators, similar to taking one photograph. The commercial feasibility of the 
proposed approach demands the availability of cheap but yet accurate enough autocollimators. IK4 TEKNIKER has already 
demonstrated such possibility by the design, manufacture and testing of an autocollimator unit specifically developed for the 
application. 
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1. Introduction 
The manufacturing of larger heliostat fields imposes tighter tolerances to the elements that constitute them. 
Among these there are the reflector panels. It is well known that control on the manufacturing process can only be 
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obtained by the availability of right measurement capabilities. Nowadays, there are several commercially available 
inspection cells to control the geometry of the manufactured mirror facets [1]. 
 
However, the measurement uncertainties of the available devices and the potential of the approaches behind them 
could become obsolete as solar field sizes continue growing. Most of them are based on deflectometric principles 
which are highly sensitive to reflector panel slopes, but also to other variables such as the location of the elements 
that constitute the cell. As a result, slope measuring uncertainties in the order of 0.2 mrad are achieved. 
 
Within this context, IK4 TEKNIKER is proposing a new mirror geometry inspection approach. The basis of the 
approach is the autocollimation principle. The autocollimators allows a quick and accurate measurement of the 
absolute orientation of a reflecting surface in two axes with respect to the device.  
 
This paper reports the general arrangement of the inspection cell as well as the tasks carried out to study the 
feasibility of the proposed solution. 
2. Proposed measurement solution 
The proposed measurement solution comprises a mount which supports as many autocollimators as control points 
are required for the reflector panel, see Fig. 1. The number of control points lie in the order of one hundred, turning 
out enough for deriving the main characteristics of standard size panels. 
 
Fig. 1. Mount with a set of autocollimators facing the reflector panel 
Autocollimators are high accuracy small angle measuring instruments well established in many technical areas. 
They are being used for alignment tasks in large scientific facilities, verification of rotary motions with the aid of 
calibrated polygon standards, verification of parasitic rotary motions of linear slides or deflectometric profilers 
among other applications [2].  
 
The functional principle of an autocollimator [3] is deflectometry, as it is in many other reflector panel 
measurement solutions. However, due to the use of an autocollimating objective the distance between the instrument 
and the reflector panel does not affect the measurement, providing a much better chance to give accurate 
measurements.  
 
2164   A. Olarra et al. /  Energy Procedia  49 ( 2014 )  2162 – 2169 
As a result of the arrangement of a number of autocollimators in front of the reflector panel, direct measurements 
of panel slopes in both directions are obtained with a single reading of the autocollimator outputs. Only easy post-
processing of the measurements is required in order to obtain the parameters of interest.  
2.1. Advantages of the proposed solution 
The advantages of the solution are the compactness of the cell, the short measuring time and low measurement 
uncertainties. 
 
As shown in Fig. 1, the functional elements of the verification cell only need to be slightly larger than the 
reflector panel itself. Compared to other solutions that need for a whole room, a big step on layout space savings is 
foreseen with the proposed solution. 
 
With regard to the achievable cycle time, apart from the time required to handle the reflector panels and avoid 
issues related to the vibrations before establishing mechanically, the measurement only implies taking a reading 
from each autocollimator simultaneously. That is it, the time to acquire a single image with an electronic device 
(either PSD or imaging CCD/CMOS solutions could be adopted). Compared to fringe projection solutions that 
require a multitude of projections and corresponding image acquisitions, it supposes a step forward in reducing 
measuring times. 
 
Finally, a significant improvement on measurement uncertainties is expected with the proposed solution due to 
several reasons: improved geometrical stability of the functional parts of the cell and increased measuring accuracy 
of individual point measurements.  
 
With regard to the geometrical stability, the improvement relies on the compactness of the solution compared to 
others that need for larger distances between functional elements (beamers or fringe standards, the reflector panel 
under study and image acquisition solutions composed of cameras and sometimes flat projection surfaces). The 
proposed solution only requires the stability of the mount where the autocollimators are fixed. The compactness also 
improves the whole cell vibration issues that large inspection cells could present in adverse shop-floor conditions. 
 
On the other hand, autocollimators have been found to provide extremely accurate measurements in many 
applications. Among other reasons because they decouple at a large extent the measurand of interest, the angles, 
from other aspects. The basic deflectometry based solutions derive angle information from position, that is it, the 
measurements do not depend only on the measurand of interest, the angles, but also on the location of elements in 
space. Therefore, the uncertainty budget increases due to uncertainties on these locations, which does not happen on 
the proposed solution. Moreover, in the proposed solution the information generated by a complete CCD is 
available, as a result, increased resolution of the measurements and therefore improved accuracy as far as 
repeatability are achieved.  
 
3. Development of the proposed solution 
The feasibility of the proposed solution depends on several aspects: 
 
x A technical solution is required for being able to align or calibrate the individual autocollimators in order to 
obtain all the individual readings in a common reference system.  
x Standard autocollimators are expensive instruments. However, the verification of reflector panel for the solar 
energy industry is not demanding the accuracies provided by standard autocollimators. Therefore, the 
development of an autocollimator that perform well enough at a low price is a must. 
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x The autocollimators require a flat mirror in order to achieve the highest accuracies during its use. In this 
application the reflector panel flatness is not guaranteed, so its effect on the measurements must be investigated.   
 
In the following sections these aspects are discussed. 
3.1. Autocalibration solution for the cell 
First of all, an individual calibration of all the autocollimators is necessary. Standard procedures to calibrate 
autocollimators can be applied.  
 
A more challenging requirement consists in giving the measurements of all the autocollimators on a common 
reference system. With this purpose, the orientation of the autocollimators must be determined in such reference 
system. 
 
Apart from manufacturing the mount and its mechanical interfaces with the autocollimators accurately, a 
calibration solution is envisaged as necessary in order to correct small misalignments.  
 
Two solutions have been considered for this. The most basic solution consists on using a standard which 
geometry is similar to that of the reflector panels and that has been calibrated with external means. If such a standard 
is available, a single measurement with the inspection cell is enough to determine the corrections that are necessary 
to apply to each autocollimator reading in order to have all the measurements in the same coordinate system. These 
solution, although being simple relies on the calibration and stability of the standard. 
 
The second solution does not need calibrated standards, but it consists on an autocalibration. An important aspect 
in order to improve the autonomy of the inspection cell. It consists on an error separation technique so that the 
geometry of a reference part and the misalignments of the autocollimators are obtained following a simple 
procedure.  
 
The mathematics behind the error separation technique is not included in the paper, but a brief explanation of the 
procedure follows. The technique consists on carrying out two measurements.  The only difference between the 
measurements is the position of the reference part, which is rotated 90 deg from one measurement to the other. Fig. 
2 and Fig. 3 depict the two measurement configurations. The dark mark on one side of the reference part denotes the 
relative orientation of the reference part with respect the mount in each measurement configuration. 
 
With this set of measurements the misalignments of the autocollimators can be determined with an uncertainty 
only 40% larger than the measurement uncertainty of each autocollimator. Therefore, the uncertainty budget of the 
complete cell does not suffer significantly but it is kept at the level of uncertainty of the individual autocollimators. 
It is important to notice, that the required accuracy of the displacements to move the reference part from 
configuration A to configuration B are not very demanding because the most significant displacements, rotary 
displacements, are also determined during the autocalibration procedure.  
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Fig. 2. Measurement configurations required by the autocalibration solution: Configuration A 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Measurement configurations required by the autocalibration solution: Configuration B 
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3.2. Development of low cost  autocollimators 
A must for the feasibility of the solution is the availability of cheap autocollimators whose performance is good 
enough for the application. The cost target for each autocollimator is in the order of few hundred dollars. 
 
With this aim, a prototype autocollimator has been developed and tested. The development has been supported by 
optical simulation software ZEMAX. In Fig 4. The prototype autocollimator as well as a ray tracing simulation on 
ZEMAX are shown. The device has been designed to provide a ± 40 mrad measuring range. 
 
 
 
 
 
 
 
 
 
 
 
a 
 
b 
Fig. 4. (a) Developed simple autocollimator; (b) ZEMAX ray tracing simulation of the autocollimator 
The first results obtained with the autocollimator are very encouraging. Even if measuring uncertainty has not 
been thoroughly studied yet, the measurement errors on several runs are under 0.015 mrad in the complete range of 
measurement, and the repeatability is better than 0.005 mrad. Tests have been carried out with the aid of a small 
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angle generator table and precision electronic levels, see Fig 5. Measurement error all along the measurement range 
of the autocollimator for one of the axes is shown in Fig 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. (a) Autocollimator test rig 
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Fig. 6. Measurement errors of a representative measurement 
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4. Future work 
Performance of the autocollimators working against real reflector panels is still pending. The effect of a curved 
mirror on the autocollimator working principle consists on a change of the coefficient that linearly relates CCD 
measurements and angles.  
5. Conclusions 
A novel Inline reflector panel geometry verification cell has been proposed. The solution relies on the availability 
of economical autocollimator and technical solutions to calibrate a set of them against a common reference frame.  
 
The first aspect has been faced by the design, manufacture and testing of a prototype, providing encouraging 
results. Measuring errors below 0.015 mrad have been obtained with an instrument under which cost is under 500$. 
The expected measurement uncertainties of the inspection cell lay in the 0.040 mrad in each measured point. 
 
An autocalibration procedure has also been developed to cope with the second requirement of the proposed 
solution. As a result, continuous self check of the inspection cell is possible without the need of calibrated standards 
and external means.  
 
The proposed verification cell, is a compact solution that will provide precise and fast measurements of solar 
reflector panels. 
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